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This invention relates to processes for the ‘con; 
version of hydrocarbons and, more particularly, 
relates to processes for reactivating or revivifying' 
conversion catalysts which have undergone deg: 
radation or loss of selectivity after prolonged use 
or for maintaining catalyst activity or selectivity 
during use. \ I I 

Processes for the catalytic conversion or crack; 
ing of hydrocarbons are well known. In these 
processes liquid hydrocarbons, such as gas oil, 
naphtha, reduced crude, whole crude, or the like‘, 
are contacted with active conversion or cracking 
catalysts at temperatures of from about 750° F; 
to 1100" F. for a period ‘to give the desired con 
version. These processes may‘ utilize the cata 
lyst in the form of a ?xed bed, moving bed, or 
powdered or microsp'herica'l catalyst using the 
?uid technique. Also, catalysts may be used in 
suspensoid cracking and other related processes. 

boiling hydrocarbons‘ such as“ gas oil are 
catalytically cracked‘ to‘ produce lower boiling 
hydrocarbons such as gasoline‘ for example. ‘ 
During hydrocarbon conversion or cracking, 

there is deposition of cake‘ or carbonaceous ma?‘ 
terial on the catalyst and? the‘ catalyst is periodi; 
cally regenerated by burning off the coke or‘ 
carbonaceous material with“ air‘orv other oxygen; 
containing gas. Other ‘methods of"regeneration 
may be used. The temperature duringregeneras 
tion is preferably maintained between about 850° 
F. and 1150" F., higher temperatures-usually be 
ing avoided in order to prevent deactivation of 
the catalyst by overheating. 7 After prolonged 
or extended use, during" which‘ time the‘ cata 
lyst is used for conversion or cracking and is'then 
regenerated, the catalyst loses‘ act'ivity'and' se 
lectivity and, because of this‘ the catalyst does 
not work as ef?ciently as it does when it is fresh‘ 
or when it is ?rst putin the unit. ’ 
The loss in: activity and selectivity shows‘, up 

when less of the oil feed stock is‘ converted to 
desirable products, such as gasoline in catalytic 
cracking, and more‘cokeand more gasare formed 
than when the catalyst‘ ‘is fresh. Thisrcondition 
indicates that some of the oil'feed‘is‘lost by'being 
converted to undesirable products. The product, 
distribution characteristics‘ of such a catalyst ‘are 
poor. ‘ 

The activity of the'c'a‘taly‘st' is‘iind‘io'at‘ed’by the 
amount of gas'oil feed converted-to other prod 
ucts and is designated a'sc'onve'rsion' on the basis 
of a standardized‘laboratoryitest'.‘ 'I'his‘test' has 
been described‘in the chemical literature‘ (Conn, 
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M. E., and Connolly, G.‘ C., Ind. Eng. Chem, 39, 
p. 1138, September 19%7) and is carried on in 
a ?xed-bed unit employing 200 cc. of pilled cata 
lyst. The catalyst bed is in‘ a reaction tube main 
tained at about 850° F. and the oil to be cracked 
(East Texas light gas oil in this case) is passed 
through this bed at a rate of 120 cc./hr. The 
cycle requires two hours during which 240 cc. 
of oil are cracked. In the cracking operation, 
gases and coke are formed, as well as normally 
liquid hydrocarbons, with the coke being de 
posited on the catalyst. The crackedliquid prod 
uct “is examined for gasoline content in the 
ASTM D-86-4_6 distillation apparatus. The 
amount of gasoline distilled from a 100 cc. charge 
ofv the cracked liquid product at a vapor tem 
perature of 400° F. is ‘designated as distillate 
or D. rl‘he residual portion left in the ?ask is 
measured and may be designated as R. The loss, 
or L, is determined by adding D and R and sub 
tracting this total from 100. The sum of D+L, 
or distillate; plus loss, is another ‘criterion of 
activity?and selectivity since it shows the yield 
of ‘desirable product such as gasoline produced. 
The measure of cracking or conversion is ob 

tained by subtracting the percentage of gas oil 
residual‘ material (R) based on feed from 100. 
In addition to' conversion and‘ D+L,_the selec 
tivity of the catalyst can be measured by the 
relative gas and carbon production, that is, the 
amounts of these undesirable products formed 
with’ the catalyst undergoing tests as compared 
to the quantities formed with a standard un 
contaminated catalyst at the same conversion 
level. The relative gas production factor is des 
ignated as RGF and‘ the relative gas is based 
on the volumetric gas yields, i. e., cu‘. ft./bbl. of 
feed; The relative carbon‘ production factor is 
designated as RCF.‘ Experience has shown that 
the relative gas and carbon production factors 
determined from ?xed-bed laboratory unit ‘tests 
ar'e'indicative of the amount of gas and‘ carbon 
formed in' commercial ?uid catalyst cracking 
plants. 
The quantitative range of these factors varies 

from about 53% conversion, 50 D-l-L and ILO'rela 
t‘ive“v carbon factor and 1.0 relative‘gas factor for 
fresh, uncontaminated catalysts to about 22%, 
conversion and‘ 20 Del-L or lower; and‘1.5'to 2.0 
or higher for relative carbon iactorhand' 1.5‘ to 
230-’ or higherior relative gas factor for equi 
librium used‘ catalysts from‘ ?uid units‘. ' 

Equilibrium catalyst‘ in a iiuid'unit is generally 
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described as follows. The fresh catalyst when 
it is ?rst put into the reactor in a cracking unit 
has a relatively high activity and after being 
in the cracking unit for some time this activity 
drops off rapidly. Equilibrium catalyst is cata 
lyst which has been in the unit for an extended 
period of time and which is being maintained at 
substantially constant activity and selectivity by 
the addition of fresh makeup catalyst. 

In the conversion or cracking of hydrocarbons 
where coke or carbonaceous material is deposited 
on the catalyst, the coke is removed by burn 
ing or some other means and this is generally re 
ferred to in the art as a regeneration of the 
catalyst and the catalyst is then used for further 
catalytic conversion of hydrocarbons. In the 
present case, the treatment of the catalyst is re 
ferred to as a reactivation or revivi?cation and 
is independent of or distinct from the regenera 
tion to the extent that it has a different effect 
upon the catalyst and partially restores the ac 
tivity and selectivity of the catalyst. 
During operation of conversion or cracking 

processes, especially in the ?uid process where 
powdered catalyst or microspherical catalyst is 
circulated through the unit, the catalyst appar 
ently becomes contaminated with metal or metal 
compounds from the equipment such as iron, 
nickel, etc., and these contaminants reduce the 
activity of the catalyst and also cause the cata 
lyst to produce more gas and coke than a fresh 
or uncontaminated catalyst. Also some of the 
contamination may come from the hydrocarbon 
feed stock. By reducing the gas and carbon 
make attributable to the contaminants during 
conversion or cracking, a greater yield of useful 
products such as gasoline is achieved, and unde 
sirable products such as gas and carbon are re 
duced. This not only results in considerable 
?nancial bene?ts because of the increased yield 
of valuable products, but also is a conservation 
measure because less valuable feed stock is wasted 
by being converted to undesirable gas and coke. 

Different treatments have been used previously 
for reactivating conversion catalysts but these 
have included removing used catalysts from the 
units and treating the catalyst as a batch outside ‘ 
the cracking or conversion unit, whereas the pres 
ent process in the preferred form is concerned 
with treating the catalyst in the unit without 
interrupting the operation of the conversion proc 
ess. Reactivating or revivifying the catalyst in 
the unit has the great advantage that it can be 
carried on continuously or at very frequent in 
tervals without interrupting or upsetting the op 
eration of the conversion unit. In this manner, 
both the activity and product distribution can be 
continuously maintained at a high level so that 
the catalyst resembles fresh catalyst in its char 
acteristics rather than equilibrium catalyst which 
has been degraded by continuous use and the con 
tamination resulting therefrom. In some cases 
the process may also be applied by treating the 
catalyst by removing deactivated catalyst from 
the unit, treating, and subsequently returning it 
to the unit or the process may be applied to 
make-up catalyst for the unit. 
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4 
and boron containing material or materials in 
admixture or in a sequence of steps. This re 
activation treatment is carried on during or after 
regeneration or during stripping following crack 
ing. In the preferred form the treatment is with 
a ?uorine compound such as hydro?uoric acid 
and a boron compound such as boric acid, but 
other combinations may be used as will be here 
inafter described. 

It has now been found that catalyst such as 
silica-alumina, silica-magnesia, silica-alumina 
magnesia, or synthetic gels of the above type or 
the so-called natural catalysts such as acid treat 
ed bentonites and similar catalytic materials that 
have su?ered loss in activity and/or selectivity 
after a number of alternate conversion or crack 
ing and regeneration operations may have their 
activity and selectivity restored at least to some 
extent by treating the spent catalyst with mate 
rials containing ?uorine and boron. The reacti 
vation or revivi?cation treatment is so carried out 
to deposit such compounds or mixtures thereof 
on the catalyst. In the preferred form of the 
invention a mixture of HF and H3303 is added 
to the catalyst in the unit by introducing such 
mixture into the unit. 
The revivifying materials may be mixed with 

the stripping steam after the cracking reaction 
or they may be mixed with the regeneration air 
which is used to burn the carbon off of the cata 
1yst. Also these materials may be added with the 
feed stock being introduced into the reactor or in 
the fluid process they may be added with the 
gases used to transport the catalyst as a dilute 
suspension or less dense suspension through 
transfer lines from one section of the unit to an 
other. The ?uorine containing compound and 
boron containing compound may be added as a 
mixture or separately to the cracking .mit. Or 
one of the materials such as boric acid may be 
added to the catalyst and the catalyst used in a 
cracking step and then the other material such 
as HF may be added to the catalyst and the treat 
ed catalyst then used in a cracking step. These 
compounds may be added to the catalyst in the 
unit as solids, liquids or gases and also solution 

, thereof may be used which are added to the cata 
lyst in the unit as such. The reactivation treat 
ment may be continuous or intermittent, that is, 
the reactivating compound or compounds may be 
continuously added to the unit in small amounts 
or the reactivating compound or compounds may 
be added to the unit for a While and then the 
addition stopped and the catalyst used in the unit 
without any reactivation treatment and then 
later the reactivation treatment can again be 

. started. 

60 

According to this invention, after a catalyst has ‘ 
been used for a number of conversion operations, 
such as catalytic cracking, followed by a number 
of regenerations of the catalyst for burning off 
the carbon with air or other oxygen-containing 
gas, the catalyst is reactivated or revivi?ed in the 
unit without interrupting the operation of the 
process by treating the catalyst with a ?uorine 
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The revivifying substance or substances used to 
treat a powdered catalyst in a fluid unit may be 
added with the oil feed so that the revivifying 
substance will be thoroughly mixed with the 
dense turbulent dry liquid simulating bed or mass 
of catalyst in the reactor at a temperature of 
about 750° F. to 1100° F. If the revivifying sub 
stance is added to the regeneration with the re 
generating air or separately as a stream in a ?uid 

_ unit, the substance will be thoroughly mixed with 
the dense turbulent liquid simulating bed or mass 
of powdered catalyst in the regeneration and the 
catalyst will be given a revivi?cation treatment 
while being regenerated. The temperature during 
regeneration is about 850° F. to 1150“ F. 
In ?uid units using powdered silica alumina or 

silica magnesia catalyst, the density of the ?uid 
ized catalyst mixture may be between about 15 
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and 40 pounds per cubic foot and the super?cial 
gas velocity in the reactor and regenerator will 
be between about 0.5 and 3.0 feet per second. In 
the standpipes the super?cial velocity is usually 
between about 0.05 and 0.5 foot per second. With 
denser materials and/or low velocities ‘high densi 
ties will be obtained. 
In most ?uid units the catalyst is withdrawn 

from the reactor and regenerator as a ‘dense 
?uidized liquid simulating phase and ‘stripping 
of the fouled catalyst following a cracking ‘step 
is preferably done while the catalyst ‘is ‘in ‘the 
dense ?uidized condition. For revivifying ‘the 
catalyst during stripping the revivifying ‘sub 
stance is added to the stripping steam or is sepa 
rate’ly added as "a ‘gaseous 's-‘t-reaim vto ‘treat the 
fouled catalyst ‘while stripping it "or after strip 
ping‘ ‘The ‘strip-‘ping of :the ifouled catalyst ‘at 

a temperature between about ‘750° F. ‘and 11-000 can be effected in the upper port-ion of the ‘stand 

pipe or a vseparate stripping ‘vessel where the 
catalyst being stripped and {treated is preferably 
in a dense ‘?uidized "condition having a level like 
ailiq‘u'id. 

If desired the ‘catalyst may 3be treated and 
stripped or treated alone following :regeneration 
in a manner ‘similar to ithat just described above 
for the fouled catalyst. 'Or ‘the regenerated/cata 
lyst may be treated with one of the substances 
such as 51-13363 or ‘other lboron compound in the 
upper portion of ‘the istandpipe used for ‘with 
drawing regenerated catalyst from the regenera 
tor and the treated catalyst is then passed ‘to the 
reactor fora cracking step. Following the crack 
ing step the fouled-catalyst is stripped with steam ' 
and at the same time revivi?ed with another 
substance such as anhydrous HF orother ?uoride. 
The ‘treatment of regenerated catalyst is carried 
out ‘at ‘a temperature ‘of about 850° F. to ‘1'l50° F. 
The amount ~of ‘treating compound ‘or com 

pounds used ‘for ‘reactivating or 'revivifyi'ng the 
catalyst ‘will "be in the ‘ratio between about 0.01 
part ‘by weight to l1050 parts 1'by weight of the 
reactivating material (which may include as parts 
HF plus 1/ parts H3303 as found to be optimum, 
but usually will include 3 moles HF to 1 mole 
H3BO3, the latter proportion amounting to a 
weight ratioiof 60 parts HF to 61.84 parts I-Ia'BOx) 
to 100 parts by weightof the catalyst "which is 
to be itreatecl, per 24 hours of operation. 
The invention may be used with fluid ‘units 

where powdered catalyst is used, in moving 'bed 
type units where larger catalyst particles are used 
in the units ‘and in ?xed-bed operation where 
the catalyst remains ‘substantiallystationary in 
the same apparatus during the entire process. 
Infall of these forms of processes thereactivating 
compound or compounds may be added during or 
afterregeneration, during stripping of .the fouled 
catalyst following conversion, duringsteam. strip 
ping or 'the'regenerate'd catalyst following regen 
eration or "the reactivated compound or com 
p'ou‘nd's'may'be added-to the feed stockgoing to 
the ‘reactor. In ‘addition the .reactivating mate 
rial may be dissolved in ‘a ‘liquid and the liquid 
int‘roduced‘int'o the‘ unit w'here'it is vaporized for 
treating the catalyst. ‘ 

In cases where the reactivating or revivifying 
compound is in the gaseous form,>such'gas~may 
be introduced at any desirable point in theunit 
for reactivating or revivifying the catalyst. In 
addition where the reactivating material is a solid 
or liquid it may be mixed with the catalystduring 
the preparation of the catalyst. Or the reacti 
vating material may be added to the make-up 
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catalyst andsupplied to the unit in this way. As 
the make-up catalyst is usually added only at 
rather extended intervals the concentration of 
the reactivating material should preferably be 
greater on the make-up catalyst thanin the case 
where the reactiva-ting material is continuously 
or substantially continuously added to the unit. 
In mixing the reactivating material according 

to the preferred .form of the invention the anhy 
“drous hydrogen ?uoride and boric acid are dis 
solved in water and ‘this solution is vaporized 
within the unit during the reactivation ‘or revivi 
fying treatment. When these ‘materials are dis 
solved in water apparently some fluoboric acid 
is formed in ‘the mixture or solution. In a modi 
?cation of ‘this ‘process it is possible on the ‘one 
hand to haveanescess of 'hydrogen'?uoride or on 
the 'ot‘h'er hand to have ‘an excess ‘of boric ‘acid 
for use ‘in treating deactivated catalysts. 
In another form of ‘the invention, used ‘crack 

ing catalysts have their activity ‘and selectivity 
improved by treating the used ‘partially ‘deacti 
vated catalyst with a ‘mixture of ‘aluminum "flu 
oride and ‘boric acid. The revivifying treatment 
may be effected in a number of ways as forexam 
pie by adding the revivifying material ‘directly 'to 
thecatalyst in the unit as amixt-ure-of “dry mate 
rial. The ‘catalyst may ‘be removed from the ‘unit 
and dry ‘mixed ‘with ‘the ‘aluminum fluoride and 
boric acid or vthe used catalyst may ‘be impreg 
nated vvwith a solution v‘of aluminum ?uoride and 
boric acid. 
In another ‘form of the invention ‘used ‘silica 

alumina catalyst may ‘be mixed ‘with ‘boric ‘acid 
and ‘used for cracking voil and ‘this catalyst 
may then ‘be treated with anhydrous ‘hydrogen 
fluoride. 
In the following Table =I'there‘ares'hown results 

of ‘treating ‘used catalyst after the regeneration 
period. This treating was done in ‘the 200 cc. 
catalyst testing ‘unit ‘previously described. ‘The 
catalyst used was a used orr'equ‘ilibrium‘powdered 
silica-alumina ‘catalyst “containing “about -1‘2'% 
alumina,‘ which "catalyst was ‘taken "from a ‘com 
mercial catalytic cracking plant and pilled into 
cylinders of 71%.,’ by 1%". The feed stock was an 
East Texas light gas oil which was fed to the 
unit at a rate of 0.6 v./v./hr. during two-hour 
cracking cycles at a temperature of 850° F. and 
during the regeneration the temperature was 
maintained at 950° F. to 1050° F. After the crack 
ing period the catalyst was stripped with nitrogen 
for about thirty minutes and was then regener 
ated with an air-nitrogen mixture at a tempera 
ture of 950° ‘F. to 41050° F. After each regenera 
tion cycle a solution containing HF and HaBOx 
in the ratio of 3 moles HF to 1 mole HsBOc was 
passed over the catalyst. Nitrogen (1 cu. ft. per 
treatment) was'uscdas arcarryingggas, .the vola 
tilized aqueous part of ‘the solution furnishing 
steam. .About.0.6.% by weight basedon the cat 
alyst of the mixture ‘of hydrogen ?uoride .and 
boric acid was used ‘(the actual ratio _ivas.0.3 9?; 
by weight HF plus 0.309% by weight H3803) and 
the steam used ‘in-each cycleamounted "005.? wt. 
% of the oil/Freed. “This revivi?cationtreatment 
required one hour and the catalyst was at a 
temperatureofrabout 850° F. However the tem 
perature may be maintained "between ‘about 
750°:F. and vl=l50°=l1t .For comparison-a catalyst 
was’tested 'which’was not given a ,revivi?cation 
treatment. This catalyst was tested only for two 
‘cycles since experience ‘has shown that ‘the 
untreated catalyst does ‘not ‘change :appreciably» 
with continued testing. ‘ 
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TABLE I 

Total Treat. 
Percent on 

Catalyst Catalyst cNygle Conversion P3511611!“ RCF RGF 

HF HaBOs 

Untreated .................... ._ 

Treated with 0.3% by wt. HF 
and 0.3% by wt. HSBOS per 
cycle for 5 cycles following 
regeneration (no treatment 
after last cycle) 

From the above table it will be apparent that 
the activity of the starting catalyst has been 
materially improved and also the selectivity iden 
ti?ed by the RCF and RGF has also been im 
proved as indicated by the reduction in these 
numbers. Also in this table it will be seen that 
the total treatment with the hydrogen ?uoride 
boric acid mixture amounted to 3.0% by weight 
of the catalyst. Theconversion and the relative 
carbon factors were determined only in the last 
cycle of the test since the carbon is obtained by 
direct measure on the catalyst and this can be 
accomplished best by analyzing the catalyst after 
removal from the unit. Accordingly there was 
no regeneration after the sixth cycle. 
In the following example a deactivated silica 

alumina catalyst containing about 12% alumina 
was reactivated or revivi?ed and subsequently 
tested in the same type unit above described in 
relation to the ?rst example. However, in this 
case the used catalyst was impregnated with a 
solution of 1% B203 (using H3303) plus 1% by 
weight of aluminum ?uoride. The aluminum 
fluoride was prepared by dissolving powdered 
aluminum metal in aqueous HF solution. The 
resulting aluminum fluoride solution was mixed 
with boric acid solution and the mixed clear 
solution was used at about room temperature 
for impregnating used or equilibrium catalyst 

35 

The above results show that treatment with 
the mixed ?uorine and boron containing com 
pounds e?ected a substantial improvement in 
the quality of the catalyst which had been con 

20 taminated and degraded with use. 
In another example, used or equilibrium cata 

lyst composed of silica with about 12% of alu 
mina from a commercial ?uid cracking unit was 
thoroughly dry mixed at about room tempera 

25 ture with H3BO3 in an amount equivalent to 1% 
B203, and this dry mixture was subsequently 
formed into pills and tested in the 200 cc. unit 
described in connection with the data set forth 
in Table I. The feed stock and other testing 

30 conditions are similar to those described in con 
nection with Table I. After each regeneration 
cycle the catalyst was treated with 0.3% by 
weight of HF (in 5% aqueous HF solution) on 
the catalyst which was passed over the catalyst 
diluted with about one cubic foot of nitrogen 
which was used as carrying gas. The steam used 
in each cycle was derived from the aqueous HF 
and amounted to 5.7 Wt. % of the feed. This 

40 treatment after each cycle (except the last) re 
quired about one hour. For comparison, a cata 
lyst was tested which was not given in the re 
vivi?cation treatment, the results being given 
in Table III. 

TABLE III 

Total Treat. 

PET‘? ‘in o 1 c a a ys yc e on- Percent 
No. version D-i-L ROF RGF 

Percent HF 

------------- -- 1 1.96 
Untreated Catalyst ____________ _. ________________ __ 2 1 97 

0. 0 1 1199 
Same, but Dry Mixed with H3130; g 1.49 
(equivalent to 1% B20; and then 0- 9 4 pilled). 1: 2 5 1. 28 

1. 5 s 1114 

from a commercial ?uid unit. The amounts of 
reagents used were suf?cient to deposit on the 
catalyst about 1% by weight of aluminum flu 
oride and 1% by weight of B203 of the catalyst. 
The treated catalyst was dried, pilled and test 

ed for activity and selectivity in the 200 cc. units 
along with the untreated catalyst for compari 
son and the results are shown in Table II: 

The data obtained show that a very signi?cant 
improvement in the quality of the catalyst was 
obtained, particularly in regard to reducing the 
quantity of undesirable materials formed such as 
carbon and light gases. This catalyst, of course, 
had been degraded and contaminated with use 
in the commercial cracking unit before the re 
vivi?cation treatment. 

TABLE II 

Catalyst C1326 vgggn P151?‘ ROF RGF 

Used Catalyst from Commercial 1 22.0 1. 96 
?uid Unit. 2 24.5 21.8 1.86 1.97 

Same Impregnnted with 1%‘AlF; { 1 ........ _- 26.0 ............ __ 
Plus 1% B20: (Using HiBOa). 2 27. 1 25. 5 1.01 1. 74 
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What is claimed is: 
1. A method of reactivating partially deacti 

vated silica-alumina hydrocarbon conversion 
catalyst containing about 12% of alumina which 
has been used in a number of conversion opera 
tions and regeneration operations which com 
prises treating the partially deactivated catalyst 
with a mixture of 3 moles hydrogen ?uoride and 
1 mole boric acid for a su?icient period of time 
to reactivate or revivify the catalyst. 

2. A method of reactivating partially deacti 
vated silica-alumina cracking catalyst contain 
ing about 12% of alumina which comprises treat 
ing the catalyst after regeneration with a mix 
ture of hydrogen ?uoride and boric acid in a 
weight ratio of about 60 parts of hydrogen ?u 
oride to about 61.84 parts of boric acid in a com 
bined amount between about 0.01% to 10% by 
weight of the catalyst per 24 hours. 

3. In the process of cracking hydrocarbon oils 
by contacting the hydrocarbon oils with a silica 
alumina cracking catalyst containing about 12% 
of alumina at a temperature of about ‘750° F. to 
1100° F. and periodically regenerating the cata 
lyst by burning off carbonaceous deposits there 
on and repeating the contacting and regenera 
tion steps after which the catalyst becomes par— 
tially deactivated, the improvement which com 
prises treating such partially deactivated cata 
lyst after a cracking step with a ?uorine-contain 
ing compound and a boron containing compound 
in the ratio of about 3 mols of the ?uorine con~ 
taining compound and about 1 mol of the boron 
containing compound for reactivating or revivi 
iying the catalyst. 

4. In the process of cracking hydrocarbon. oils 
by contacting the hydrocarbon oil with a silica 
alumina cracking catalyst containing about 12% 
of alumina and periodically regenerating the 
catalyst with the catalyst becoming partially de 
activated after extended use, the improvement 
which comprises adding a boron containing com 
pound to the partially deactivated catalyst, using 
such a treated catalyst for cracking additional 
oil and then treating the catalyst with hydrogen 
?uoride at a temperature of about 750° F. to 
1150° F. to increase the activity and selectivity of 
the catalyst without interrupting the operation 
of the process, the ratio of the boron containing 
compound and the ?uorine containing compound 
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being about 1 mol of the boron containing com 
pound and about 3 mols of the ?uorine contain 
ing compound. 

5. In the process of cracking hydrocarbon oils 
by contacting the hydrocarbon oil with a silica 
alumina cracking catalyst containing about 12% 
of alumina and periodically regenerating the 
catalyst with the catalyst becoming partially de 
activated after extended use the improvement 
which comprises ?rst adding boric acid to the 
partially deactivated catalyst, using such a cata 
lyst to crack additional hydrocarbon oil and then 
treating the boric acid containing catalyst with 
hydrogen ?uoride to increase the activity and 
selectivity of the catalyst, the boric acid and the 
hydrogen ?uoride in the ratio of about 1 mol of 
boric acid to about 3 mols of hydrogen ?uoride 
being used in a combined amount between 0.01 
to 10% by weight of the catalyst per hour. 

6. In the process of cracking hydrocarbon oils 
by contacting the hydrocarbon oils with a pow 
dered silica alumina cracking catalyst contain 
ing about 12% of alumina at a temperature of 
about 750° F. to 1100° F. and periodically regen 
erating the catalyst by burning off carbonaceous 
deposit thereon at a temperature between about 
850° F. and 1150° F. and repeating the contact 
ing and regeneration steps after which the cata 
lyst becomes partially deactivated, the improve 
ment which comprises treating such deactivated \ 
catalyst with hydrogen ?uoride and boric acid 
in the ratio of about 1 mol of boric acid to about 
3 mols of hydrogen ?uoride while the powdered 
catalyst is maintained at operating temperature 
conditions and in a dense dry ?uidized liquid 
simulating condition. 

7. A process according to claim 6 wherein the 
treating step is carried out in the cracking step 
or regeneration step. 

ROGER W. RICHARDSON. 
JULIUS P. BILISOLY. 
MARNELL A. SEGURA. 
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